Various enzymatic derivatives of the murine myeloma protein IgAMopc-315 were subjected to hapten-binding quantitation and circular dichroic analysis in an attempt to ascertain the structural localization and functional definition of the immunoglobulin active site. The extrinsic Cotton effects observed with near saturation of the active site of the derivatives using e-Dnp-Llysine were qualitatively and quantitatively identical when normalized with respect to their macromolecular content of Dnp-binding sites; ellipticity maxima of 378 and 438 nm and an ellipticity minimum of 325 nm were recorded. Fluorescence quenching data confirmed the molecular nature of the derivation products of IgAMOPC-315 but also introduced disparity with respect to binding kinetics, i.e., K values of 2.31 X 106, 6.62 X 106, and 2.06 X 107 M-1 were determined for and Fvmopc-315, respectively. We speculate that the results can be explained by possible modulating effects on haptenbinding contributed by novel conformations introduced through proteolysis.
A significant problem faced in contemporary immunochemistry is the precise definition of the immunoglobulin combining site in both functional and structural terms. Current conceptions of antibody function suggest that functional responsibilities are segregated into molecular domains (1) , and current experimental evidence supports such an idea (2, 3) . Though the domain hypothesis is sound structurally and functionally in most instances, the question remains whether intradomain cooperation contributes to the definition of a particular molecular function of the immunoglobulin.
In order that these cooperative effects can be revealed, it is necessary to prepare fully functional antibody derivatives with exact molecular dimensions and to be able to monitor efficiently the functional and structural characteristics of these derivatives. In the past several years advances in both categories have been accomplished. Enzymatic dissection of various immunoglobulins has been exploited to construct an extensive collection of molecular fragments that retain functional characteristics in certain circumstances (4) (5) (6) (7) (8) . To assess the retention of functional characteristics in these fragments, methodologies such as magnetic resonance (9, 10) , fluorescence and ultraviolet spectroscopy (11) (12) (13) , chemical modification by hapten analogs (14, 15) and kinetic measurements such as equilibrium dialysis (16) have been developed. Though limitations still exist, adequate interpretations of combining site structure and function can be made after careful consideration of these data.
We chose to probe the hapten-binding characteristics of the murine myeloma protein from plasmacytoma MOPC-315, IgAMoPc-315, using extrinsic Cotton effects detected in near-ultraviolet circular dichroism and hapten-binding measurements as suitable criteria for preliminary definitions of the immunoglobulin active site. This system was chosen for three reasons: (i) IgAMoPc-315 is structurally homogeneous (17) , (ii) IgAMoPc-315 possesses binding affinities for dinitrophenyl (Dnp) ligands similar to those of conventional antibodies (17) , and (iii) the Fab' and Fv fragments of IgAMoPc-315, which represent progressively smaller fragments of the monomeric protein with complete functional competence, have been successfully isolated from peptic digests (8, 18, 19) . This communication presents our findings, which agree in part with recent findings (20) , and what we consider reasonable explanations for those results. With further refinements in current methodologies and development of new techniques, confirmation, modification, or refutation of these concepts will be possible.
MATERIALS AND METHODS
Plasmacytoma MOPC-315b, generation 76, was generously provided by Dr. Michael Potter (NCI, Bethesda, Md.). The tumor was maintained in both the ascitic and solid subcutaneous form in BALB/cJ mice (Jackson Lab, Bar Harbor, Maine). Monomeric MOPC-315 protein (IgAMoPc 315) was isolated from the serum or ascitic fluid as described (17, 21) . To insure that the immunoabsorbed protein was not polydisperse, the eluted material from Dnp-Sepharose was passaged over BioGel A-1.5m, 200-400 mesh (BioRad, Richmond, Calif.), developed in 20 mM sodium hydrogen phosphate-0.15M NaCl-2 mM Na2EDTA, at pH 7.35 (PBS-EDTA). The Fab' and Fv fragments were derived from IgAMoPc-315 according to Inbar et al. (18) and Hochman et al. (19) , respectively. The molecular weights of the various fragments were determined either by analytical gel chromatography, with ovalbumin, pepsin, and ribonuclease A as standards (22) 10-4. standards (23) . Marker proteins were radioiodinated as described (24) .
The binding behaviors of IgAMopc-315 and its fragments were examined by the following means. Equilibrium constants (K) for the fragments were determined by fluorescence quenching as monitored during titration with e-Dnp-mlysine on a Cary differential spectrofluorometer no. 50-026-900 (11, 25) . Near-ultraviolet circular dichroism measurements in the presence and absence of hapten were recorded on a Cary 60 spectropolarimeter. To facilitate interpretation of the extrinsic Cotton effects generated with hapten binding, the various proteins were diluted with e-Dnp--lysine to that point at which 99% of the available combining sites were occupied, as calculated in a manner such that the ellipticity was related directly to the number of active sites in a given fragment. The equation used is as follows: 0' = Oob8M/10 cln. In this formula M represents the molecular weight of the protein fragment, c equals the protein concentration (g/cm3), I is the path length in decimeters, and n is the number of binding sites which that particular derivative possessed. In all of the above manipulations the following extinction coefficients were used: e362nm(e-Dnp-Ilysine) = 17,530 (11); E80m (IgAxopc3l5) = 1.4; E 7.' (Fab'Mopc-3l5) = 1.4; and E*.7% (Fvmopc-315) = 1.5 (19) .
RESULTS
The variety of Dnp-binding proteins pres~nt in the reduced and alkylated serum or ascitic fluid is illustrated in Fig. 1 and parallels previous findings (26 of IgAMoPC-315 is similar to that presented by Inbar et al. (8) , but the constants determined for the fragments of this protein are significantly higher than the K for IgAMoPc-315 (19) and also are appreciably different from the values reported by Hochman et al. (19) . It is interesting to note than an inverse relationship exists between the particle weight and K, namely K = CM-0'72, where M is the molecular weight and C is constant.
Near-ultraviolet extrinsic Cotton effects generated upon hapten binding are illustrated for each of the molecules in Figure 3 . The ellipticity maxima at 378 nm and 438 nm and the ellipticity minimum centered about 325 nm are in close agreement with those reported for IgAMoPC-3l5 and its combining site derivatives (20, (27) (28) (29) . The nearly identical magnitudes (after compensation for n) of the extrinsic Cotton effects elicited by hapten binding in each of the proteins strongly suggests that the electronic environment of the active site in each fragment is the same and that, therefore, the active sites are chemically identical. These results are consistent with the recent report by Inbar et al. (20) . The disparity between the spectra of IgAMoPc-3l5 and Fab'MoPC-315 and the spectrum of FvMOPC-315 can be attributed to several possible reasons, namely the use of an incorrect extinction coefficient, molecular weight, or binding site index. The latter parameter was highly reproducible, whereas the extinction coefficient of FvMOPC-315 was not actually determined in this laboratory and the molecular weight of that fragment was subject to, some variation due to nonuniform proteolytic generation of the FvMopc.316 fragment as mentioned above.
DISCUSSION
Before we discuss the chemical and kinetic properties of the Dnp ligand-combining site that IgAMoPc-315 possesses, some preliminary comments should be made concerning the physicochemical properties of this molecule and its smaller fragment, FvMOPC-316. First, this laboratory consistently found that the relative yields of FvMOPC-315 were 10-12% by weight in contrast to 24% as reported by Hochman et al. (19) . Second, in contradistinction to the reports of Givol and coworkers, extended enzymatic reduction of the molecular dimensions of IgAMoPc 3l5 did not produce a uniform population of VH-VL dimers but rather gave a mixture of fragments with subunit molecular weights of 10,500, 11,800, and 13,400. These two observations suggest that the Fv species is unstable to the proteolytic conditions used and also that it represents the product generated by proteolytic cleavage in an extended, rather than precisely defined, region exhibiting peptic cleavage specificities. However, the former condition may be attributable to the chromatographic preselection for monomeric IgAmoPc-315 used, since such treatment removed a significant quantity of polymeric species capable of binding Dnp ligands. The instability implied by experimental observations could conceivably be restricted by undertaking the proteolysis in the presence of hapten in a native or covalently bound state (30) , but the multiplicity of fragments obtained from the myeloma protein would not necessarily be reduced since the multiple aminoacid specificities of pepsin may contribute to the Fv diversity. Finally, the previously mentioned observations of nonuniformity in the Fv population may be reflections of molecular heterogeneity in the monomeric IgAMoPc-315 fraction. It is conceivable that spontaneous mutations in the plasmacytoma were introduced during the period of maintenance in our laboratory, particularly when one considers the instability of the ascitic form of this tumor (31) . Such mutations could introduce multiple forms of IgAMoPc 3l5 that still possessed the capacity to bind Dnp analogs; the possibility that aminoacid substitution in the COOH-terminal region of the variable domains and/or the NHterminal region of the constant domains may explain the varied cleavage products observed. Regardless of the sensitive nature of the Fv fragment and its multiple structural appearances, some interesting themes can be developed from the data presented regarding combining site definition and kinetic behavior.
The conserved nature of the binding site of IgAMoPc-315 is reflected in the hapten-generated extrinsic Cotton effects observed for the various fragments. The identical magnitude and position of the circular dichroism bands when related to the number of binding sites indicates that the asymmetric electronic environment associated with the chromophore e-Dnp-L-lysine is similar in each fragment. Therefore, it is likely that the electronic and magnetic dipoles associated with the active site-in the various molecules are equivalent or that the active site shares the same structural definition in each of the molecules. However, conformational alterations in these protein fragments associated with hapten binding, which do not generate new asymmetric electronic environments or significantly perturb the electronic locale proximal However, the suggestion that the association state of polymeric and monomeric IgAMoPc-315 does not affect the dynamics of hapten binding in the combining site has also been made (32) . Collectively, for structural reasons inherent in the preceding statements, these interactions may govern the varying degree of steric freedom in the dissimilar fragments and, thus, may explain the progressive elevation of association constants found with proteolytic degradation of IgAMoPc-3l5 from the carboxy-terminus.
Another possible explanation of the variation in K values is that the active-site equilibrium conditions are mechanically translated by the active-site conformation after hapten binding. This proposal assumes that there is no predefined conformation to a hapten-binding molecule that might affect the value of K. As the extrinsic Cotton effects suggest common combining sites in all of the Dnp-binding fragments derived from IgAMoPc 3l5, the process of achieving the final activesite conformation is unimportant. However, the nature of the fragments after hapten binding may dictate the ability for dissociation of hapten in a given molecule. The avenues for hapten dissociation in IgAMoPc-3l5 and Fab'MoPc-315 may be structurally restricted by the C,,-C) association in both in- (1974) hapten-combining site strikingly different from those of the native conformation. Such orientational aberrations could conceivably originate from changes in the behavior of the constant regions near the combining site when enzymatic degradation has been accomplished. The net result of such conformational transitions may be partially responsible for the binding characteristics observed. The possible means by which these effects might be expressed are mentioned above, i.e., spatial hindrance of hapten accessibility, structural definition of combining site kinetics, and possibly ionic stabilization of e-Dnp-L-lysine-combining site complex. Further experimental analysis is necessary to ascertain which mechanism is responsible for the behavior of the constant domains proximal to the variable regions of the immunoglobulin polypeptide chains.
Several concluding remarks can be made concerning the feasibility of the foregoing hypothetical mechanisms. First of all, the extrinsic Cotton effects generated in each of the fragments are identical when quantitatively correlated to binding-site content. This fact strongly argues for a common microenvironment for the hapten in each of the IgAMoPC.315 derivatives. Therefore, mechanisms of hapten binding dependent upon conformational changes can be considered only if such transitions do not extinguish or create extrinsic Cotton effects, i.e., only distal transitions that direct or enhance proximal changes in binding-site conformation are admissible. Second, consideration should be given to the inverse relationship which exists between K and the molecular weight of the fragments. This function suggests that the binding process is dependent upon molecular dimensions and their effects on the binding capacity of a fragment and that no significant conformational contributions are involved. Therefore, the first of our four proposals made above, namely, steric accessibility and hapten-directed definition of combining-site kinetics, can be considered tentatively as acceptable explanations for the variation in Dnp ligand-binding parameters. The hapten-binding process can then be viewed as a precisely defined function of the variable regions of the immunoglobulin that indirectly derives influence from neighboring constant domains. Whether these mechanisms can be extrapolated to explain conventional antibody behavior is dependent upon the successful localization of the immunoglobulin combining site in other systems. However, this communication confirms the peptic localization of the combining site of IgAMopc-315 with the full retention, if not enhancement, of hapten-binding function.
